THE production of malignant tumours in rats injected intramuscularly with pure cobalt metal powder has been described already (Heath, 1956). Tumours occurred at the injection site in 17 out of 30 rats over a period ranging from 5 to 12 months after the injection. Thirteen out of the 17 tumours contained a malignant component derived from muscle; malignant connective tissue elements were also present in some of these 13, and in the remaining 4 tumours the malignant process appeared to have arisen predominantly in the connective tissue. The tumours were rhabdomyosarcomata, rhabdomyofibrosarcomata, pleomorphic and fibrosarcomata.
THE production of malignant tumours in rats injected intramuscularly with pure cobalt metal powder has been described already (Heath, 1956) . Tumours occurred at the injection site in 17 out of 30 rats over a period ranging from 5 to 12 months after the injection. Thirteen out of the 17 tumours contained a malignant component derived from muscle; malignant connective tissue elements were also present in some of these 13, and in the remaining 4 tumours the malignant process appeared to have arisen predominantly in the connective tissue. The tumours were rhabdomyosarcomata, rhabdomyofibrosarcomata, pleomorphic and fibrosarcomata.
The purpose of the present investigation was to follow step by step and in some detail the tissue changes caused by the injection of powdered cobalt metal into rat skeletal muscle, up to the stage at which frankly malignant changes could be recognised.
MATERIALS AND METHODS
Two experiments were made. In the first the rats were killed at fortnightly intervals ; since the results showed that pronounced changes were already present in the tissue at 2 weeks, a second experiment was undertaken in which the animals were killed at intervals of 1 to 28 days after injection.
Male rats of the hooded strain aged 2-3 months were used. Thirty 'animals were injected in the thigh muscle of the right leg with 0-028 g. cobalt metal powder (spectrographically pure) shaken into suspension with 0-4 ml. of fowl serum ; 15 controls were similarly injected with 0-4 ml. fowl serum only. At intervals after the injection animals taken at random were kiRed by cervical dislocation, and the portion of the thigh muscle surrounding the injection site was excised. Pieces of the excised muscle were fixed in Carnoy's fluid for subsequent staining with methyl green-pyronin (MGP) , and in Zenker's fluid for Azan staining; tissue fixed in Carnoy's fluid, however, also gave satisfactory results with Azan.
RESULTS
As in the previous experiments, little or no local reaction to the injection could be detected by examination of the intact animal, and there were no general toxic effects. Study of the histological material, however, revealed a distinct and characteristic chain of events in the cobalt-treated rats but nothing of consequence in the controls injected with serum only. The progressive changes in the cobalttreated animals led from the initial local trauma, through a stage of cell proliferation up to the malignant change and the final development of tumours of the type previously described (Heath, 1956 ).
There appear to be two main processes at work:
(1) The response of the muscle to the mechanical injury produced by the injection of the metal grains, as shown by an attempt at regeneration and repair.
(2) The modification of the regenerative and repair process by the chemical action of the cobalt presumably either by slow solution in the tissue fluids to give cobalt ions, or by direct catalysis at the surface of the metal grains.
These two processes are clearly seen in the histological material and a're very similar in all rats affected. In a few animals the injury heals normaHy, and in others which are not considered in detail here, the progressive changes leading to malignancy occur in the connective tissue alone.
The first response of the muscle to the injection appears at I day as an infiltration of leucocytes into the spaces between the muscle bundles and fibres, in regions near the primary injury (Fig. 1 ). This infiltration is still seen at 4 days but by this time many fibroblasts have appeared in the region. Large aggregates of cobalt grains can be found in immediate contact with intact muscle which sometimes shows no evidence of damage (Fig. 2) , whereas at sites distant from the cobalt some muscle fibres contain a greatly increased population of nuclei (Fig. 3) . A nucleosis of this type has been described by Altschul (1947) who attributes it to -the loss of equilibrium in pressure between the nuclei and the sareoplasm and fibrillae consequent upon the injury. In other damaged muscle fibres both nuclei and striations have disappeared to leave a homogeneous hyaline material.
The muscle continues to degenerate and at 7 days necrotic unstriated bundles often lie between bundles of normal striated fibres (Fig. 4) (Fig. 9-15) . The cobalt granules which are still present are usuallv surrounded by a narrow band of necrotic material containing pvcnotic nuclei and aLso some degenerate muscle (Fig. 9) . Two or three ceH widths awav there is a broad zone of viable cells of various tv.,pes but mainly leucocytes an4 fibroblasts (Fig. 10) beyond which are viable muscle fibres (Fig. II) (Fig. 12) : the nuclei may be so close to the surface of the cytoplasm that the sarcolemma is -%Avrinkled and the striations disturbed giving the appearance of an outpouring of nuclei from the interior of the muscle fibre ( Fig. 13 and 14) . In some areas both the nuclei and nucleoli in these strings are larger and more deeply staining than normal (Fig. 14) ; other nuclei are associated with large polar caps of basophilic pyronin-staining material (Fig. 15 ) the so-called endoplasm referred to above, which according to Altschul (1947) is the true cytoplasm of the muscle cells and independent of the sareoplasm and fibrillae of the muscle-fibre proper. This I' dedifferentiation " of mature muscle fibres continues under the action of cobalt '"rhereas an isolated mechanical trauma only evokes a limited degree of dissociation sufficient to repair the damage (Godman, 1957 (Fig. 17) . At 14 weeks giant cells (Fig. 18 ) appear in increasing numbers and although their origin is not certain, similar cells are common in the fully developed cobalt-induced tumour. Myoblasts abound, and while some show cross-striations (Fig. 19 ) most do not.
The continuing action of cobalt on the newly formed myoblasts probablv prevents them from redifferentiatin into striated elements as they do in repair after infarction. That some capacity for redifferentiation may persist at least, in some cells is suggested by the fact that multinucleate straps occasionally appear even in cobalt-induced tumours that have been transplanted for many generations (Fig. 20) .
At 16 weeks muscle substance continues to degenerate into pigmented granular masses (Fig. 22) and mitoses are now very frequent, in spite of the fact that cobalt is still present ; they even occur in the largely necrotic regions adjacent to metal grains. In one rat cobalt is still present at 20 weeks and a tumour nodule is just discernible (Fig. 21, 23 ).
DISCUTSSION
The study of the histogenesis of these cobalt-induced tumours has revealed that under the experimental conditions described, cobalt causes an extensive and continuing reversal of the normal processes whereby embryonic mononucleate myoblasts associate to form fully differentiated muscle fibres (Firket, 1957 
